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(54) Pixel correction and smoothing method 

(57) An improved method for providing a more faith- 
ful and pleasing rendition of a pixel pattern is described 
herein. This method first places the original pixel pattern 
in a bit mapped memory. A small portion of this bit 
mapped pattern, called an input tile, acts as an index for 
a look-up table containing a corrected pixel pattern por- 
tion (an output tile) corresponding to the target pixels to 
be corrected in the input tile. The corresponding output 
tile is then printed or otherwise displayed at a higher 
dots -per -inch (dpi), in both the horizontal and vertical 
directions, than the original pixel pattern to provide a 
corrected and higher resolution pattern. This process 



may also be performed using an algorithm which per- 
forms a correction on the target pixels in the input tile to 
generate an output tile instead of indexing a corre- 
sponding output tile in a look-up table. H the original 
pixel pattern is detected to be part of an image, as 
opposed to text, no correction of the pixel data is made. 
The preferred method also detects input tile exceptions 
which are not subject to the normal corrections per- 
formed on the other input tiles. Such an exception may 
be the detection of a stray dot or a notch or tick in a line 
of pixels. These exceptions are then corrected accord- 
ingly. 
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Description 

FIELD OF THE INVENTION 

This invention relates to the printing of pixels on a 
record ng medium and, in particular, to a method for 
improving the quality of a displayed (e.g., printed) pat- 
tern formed of pixels. 

BACKGROUND OF THE INVENTION 

Text and pictures are sometimes printed using 
closely spaced dots, called pixels. The individual pixels 
are not easily perceived by the human eye but rather 
appear to merge into adjacent pixels to form a continu- 
ous, solid symbol or image. Such pixels are printed by 
facsimile machines, dot matrix printers, and other print- 
ing or displaying devices. 

The generation of pixels, being digital rather than 
analog, inherently results in some quantization error, 
since a pixel is usually either black or white. Pixels of 
complementary colors or gray shades can also be 
printed, and the resulting printed patterns suffer (to var- 
ying degrees) from the same quantization effects as 
patterns printed using only black and white pixels. Thus, 
a diagonal line printed with pixels win usually appear as 
small steps rather than a smooth diagonal line due to 
this quantization error. This problem also appears in 
attempting to print any symbol or line which is not com- 
prised of solely horizontal or vertical lines. As the 
printed dots per inch (dpi) is increased, this quantization 
error becomes less noticeable 

The dpi printing in facsimile machines is intention- 
ally set to be relatively low to enable faster transmission 
of the pixel data to the receiving facsimile machine. 
Thus, because of the relatively large pixels printed by a 
facsimile machine due to the low dpi printing, diagonal 
and rounded figures appear jagged to the naked eye. 

One known amelioration technique is to detect a 
certain pixel pattern in a block of pixels and insert an 
interpolated row of pixels to provide smoothing of this 
pixel pattern. Such smoothing may be performed by 
providing a look-up table which is addressed by the 
incoming pixel pattern and whose output contains one 
or more interpolated rows of pixels to augment the orig- 
inal pattern. The patterns stored in the look-up table can 
themselves be flawed and are difficult to generate. 

Other methods of smoothing pixel patterns include 
row averaging, where an average of two original rows of 
pixels is inserted between the two original rows. This 
technique has certain disadvantages, such as causing 
dark and light areas of pictures to be unevenly affected, 
distorting them excessively. Further, arty one-bit ticks or 
notches in a line of pixels are scaled into blobs, making 
them more conspicuous. Still further, horizontal scaling 
is not possible, limiting the amount of smoothing which 
can be done and resulting in visible jagged edges. 

Another method for smoothing a pixel pattern is to 



perform low pass f Btering on the pixel pattern. This tech- 
nique removes stray dots and ticks as well as smooths 
the steps in diagonal or curved lines; however, such low 
pass f Stering may also eliminate details from the original 

5 image, such as narrow white or black lines. Thus, such 
image processing causes dark and light areas of pic-' 
tures to be unevenly affected, resulting in distortion. 

The above techniques are usually used in combina- 
tion with pixel scaling, where the dpi of the printer is set 

io to be greater than the dpi of the original pixel pattern to 
increase the resolution of the printed pattern. Thus, for 
example, a block of four pixels may be printed for every 
one original pixel. Each printed pixel would then be 
approximately one-quarter the size of the original pixel 

is to effectively increase the resolution of the printed pat- 
tern by four. Such scaling only has advantages when 
some correction of the original pixel pattern has been 
performed. 

What is needed is an improved method for correct- 
so ing quantization errors in a transmitted pattern formed 
o1 pixels. 

S UMMARY 

25 An improved method for providing a more faithful 
and pleasing rendition of a pixel pattern is described 
herein. This method first places the original pixel pattern 
in a bit mapped memory. A small block of this bit 
mapped pattern, called an input tile, acts as an address 

30 for a look-up table containing a corrected pixel pattern 
portion (an output tile) corresponding to the target pixels 
to be corrected in the input tile. In one embodiment the 
input tile consists of two adjacent target pixels and their 
immediate neighboring pixels to form an input tile of 

35 twelve pixels. The corresponding output tile is then 
printed at a higher dots-per-inch (dpi) than the original 
pixel pattern to provide a corrected and higher resolu- 
tion pattern. This process may also be performed using 
an algorithm which performs a correction on the target 

40 pixels in the input tile instead of addressing a corre- 
sponding output tile in a look-up table. The above proc- 
ess is repeated until all of the original pixels have had 
output tiles generated for them. 

A novel method is described for deriving the output 

45 tiles. In this novel method, a high resolution bit map is 
created from an input tile by scaling the input tile by, for 
example, sixteen times in the x and y directions. A trian- 
gular portion of each convex corner in the high resolu- 
tion bit map is chopped off, and a triangular portion of 

so each concave corner in the high resolution bit map ts 
faied in. The size of these triangular portions is deter- 
mined using a function based on the exposed faces per 
minority pixel in the input tile. An exposed face of a pixel 
is a white-black (or black/white) transition on one of the 

55 pixel's sides. A minority pixel is whichever pixel type 
(e.g., black pixel or white pixel) is fewest in number in 
the input tile. The quotient of exposed faces divided by 
the number of minority pixels in the input tile is a meas- 
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ure of the average vulnerability of pixels in the input tile 
to being eliminated by the fills and chops in the above- 
mentioned step. The higher the quotient the less 
smoothing should be done in this His and chops step. 
This regulation of smoothing helps preserve desired 
detail in the image. Other suitable quotients representa- 
tive of the vulnerability of pixels to being eliminated in a 
subsequent smoothing process may also be used to 
regulate smoothing. 

Low pass filtering is then performed on the resulting 
high resolution bit map. The quotient previously calcu- 
lated also regulates the amount of low pass f atering per- 
formed. This low pass filtering is much less than that 
needed by the prior art low pass filtering methods, since 
the high resolution bit map has already been partially 
smoothed in the previous step. 

The middle portion of the high resolution bit map 
corresponding to the two original target pixels intended 
to be corrected is then divided up into a number of pixel 
areas, where each area represents a pixel to be printed. 
In one emfcxxfiment, the middle portion of the bit map is 
divided into six pixel areas. Due to the initial scaling by 
sixteen, a large number of pixels resides in each pixel 
area. 

A threshold number is set which determines 
whether a pixel area should be printed as a black dot or 
a white dot. This threshold may be adjusted based upon 
the amount of ink-bleed, or other marking agent Weed, 
experienced when the image is printed on a recording 
medium. 

The preferred method also detects input tile excep- 
tions which are not subject to the normal corrections. 
Such an exception may be the detection of a stray dot or 
a notch or tick in a line of pixels. These exceptions are 
then corrected accordingly. 

A method for detecting whether a pixel pattern is 
text or an image (e.g.. a picture) is also described. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram of a circuit which may be 
used to perform the inventive method. 

Rg. 2 is a flow chart illustrating the preferred steps 
in a method for creating output tiles. 

Tigs. 3A, 3B. 3C, and 3D, illustrate the processing 
of an input tile to generate an output tile having a cor- 
rected pixel pattern. 

Rg. 4 is a flow chart illustrating the steps used to 
fetch an output tile from a look-up table. 

Rg. 5 illustrates a correction made to a stray dot in 
an input tile by eliminating the stray dot 

Rg. 6 illustrates an exception when a pixel pattern 
includes a tick, where the tick has been removed but is 
reflected in the outputted pixel pattern. 

Rg. 7 fllustrates an exception when a pixel pattern 
includes a notch, where the notch has been removed 
but is reflected in the outputted pixel pattern. 

Rg. 8 is a flow chart illustrating the steps used to 



determine whether an input tile is a part of an image or 
text 

nPTAIt ED DESCRIPTION OF THE PREFERRED 
5 EMBODIMENTS 

Rg. 1 is a block diagram illustrating one embodi- 
ment of the invention. The operation of the inventive 
structure will be described in the context of processing 

10 pixel data received at a facsimile machine containing 
the circuitry of Rg. 1 . This invention, however, may also 
be applied to any type of display device using pixel type 
displaying where the original pixel pattern is desired to 
be enhanced and outputted at a higher resolution than 

15 the original pixel pattern. 

In Rg. 1 , the rain facsimile data is received at an 
input port of a conventional modem and suitably decom- 
pressed to convert the transmitted digital codes into pix- 
els for printing by the receiving facsimile machine. This 

20 conventional circuitry is shown as modem/decompres- 
sor 10. This processed pixel data is then temporarily 
stored in a first bit mapped memory 12. In prior art fac- 
simile machines, the pixels in bit mapped memory 12 
would be printed by the facsimile machine. This pixel 

25 image contains perceptible quantization errors and 
other undesirable qualities. To remove these undesira- 
ble qualities and to enhance the pixel data stored in bit 
mapped memory 12. the following circuitry is provided. 
A processor 1 4 is used to modify the pixel data con- 

30 tained in memory 12 in accordance with a set of rules. 
The processor 14 operates by receiving an input tile 
from bit mapped memory 12 and outputting a corre- 
sponding output tile to bit mapped memory 20. In one 
embodiment processor 14 performs an algorithm oh an 

35 input tile of the pixel data, in accordance with a set of 
instructions contained in a program ROM 16. to convert 
target pixels in the input tile to an output tile containing 
enhanced pixel data. In another embodiment processor 
14 may be an ASIC which is hard-wired to replace tar- 

40 get pixels in the input tile with an output tile previously 
stored in a look-up table 18. A microprocessor may also 
be used to index output tiles in look-up table 1 8. The use 
of an algorithm and the look-up table 18 are described 
in detail below. 

45 The operation of the circuit of Rg. 1 when an algo- 
rithm is used by processor 14 to modify the pixel data is 
descrfoed with respect to Rg. 2 and Rgs. 3A-3D. (This 
algorithm may also be used to initially create the output 
tiles stored in look-up table 1 8 if processor 1 4 is used to 

so index the output tiles in look-up table 18.) 

In step 1 (Rg. 2). the processor 14 addresses a 
small block (an input tile) of pixel data in memory 12. In 
a preferred embodiment, one input tile consists of two 
adjacent pixels in a row in memory 12 and their nearest 

55 neighbors. One such input tile 28 is shown in Rg. 3A as 
comprising twelve pixels or bits, where the central two 
pixels 29. 30 are the target pixels which are to be 
enhanced by the processor 14. The pixel data stored in 
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memory 12 has an original resolution of N dots per inch 
(dpi) in the horizontal direction and M dpi in the vertical 
direction. 

In step 2 processor 14 determines whether this 
input file 28 is an exception. An exception occurs when 
the input tile matches one of a number of specific pat- 
terns which require special processing other than that 
described in the remainder of the flowchart of Fig. 2. 
One such exception is the appearance of a single iso- 
lated bit in the input tile, as illustrated in Fig. 5. This bit 
is assumed to be a stray bit appearing as a result of 
noise or a "dirty" original document. This bit is not 
enhanced but is simply deleted in a corresponding out- 
put tile (step 2"). Examples of other exceptions and the 
method used to handle these exceptions will be 
described later. 

In step 3, a high resolution bit map 31 (Fig. 3B) is 
created from the input tile 28. In one embodiment, this 
high resolution bit map 31 is formed by expanding the 
input tile 28 by a factor of sixteen in both the x and y 
directions, as shown in Fig. 3B. In Fig. 3B, the array of 
black pixels created by expanding input tile 28 is 
enclosed within the solid outline 32. In an alternative 
embodiment, a factor used to expand the input tile 28 in 
the x direction is different than a factor used to expand 
the tile 28 in the y direction. 

In step 4, the processor 14 determines whether the 
high resolution bit map 31 is part of an image (e.g.. a 
picture) or text. If it is determined that the bit map 31 is 
part of an image, the smoothing steps 5-7 are bypassed 
and step 8 is then performed on the bit map 31. The 
method for determining whether the bit map 31 is part of 
an image or text will be descrfoed later. If it is deter- 
mined that the bit map 31 is part of text, the following 
operations are performed to improve the quality of the 
printed text 

In step 5, the following calculation is performed to 
determine the extent of initial smoothing to be con- 
ducted in step 6: 

q _ exposed minority pixel faces in input tile _ ^ 
number of minority pixels in input tile 

where a higher Q value results in less smoothing being 
performed in steps 6 and 7. The exposed pixel faces 
referred to in Equation 1 is the number of faces (maxi- 
mum of four per pixel) of a minority pixel facing a white- 
black or black-white transition; the borders of the input 
tile are not counted as a transition. A minority pixel is the 
pixel type (black or white) which is fewest in number in 
the input tile. The Q value is thus the average number of 
exposed faces per minority pixel in the input tile. 

This Q value is a measure of the average vulnera- 
bility of pixels to being eliminated by the initial smooth- 
ing in step 6. Thus, when the minority pixels are few and 
these minority pixels have a high number of exposed 
sides, they are susceptible to being eliminated by the 



initial smoothing in step 6 unless a correction factor (i.e. , 
the Q value) is applied to the initial smoothing. 

Regulating the amount of smoothing not only helps 
preserve detail, but also lessens the damage done if the 

5 text/image separation step 4, mentioned above, fails. If 
an input tile is erroneously considered text (but is actu- 
ally part of an image), the pixels in it are likely to be 
somewhat scattered, resulting in a high Q value and 
causing less smoothing to occur. The picture is then not 

w significantly altered. 

This Q value is also used in determining the size of 
the template used in performing low pass digital filtering 
(step 7) on the high resolution bit map after step 6 has 
been concluded. 

is Other suitable Q values may be calculated by using 
equations other than Equation 1. For example, another 
suitable Q value may be calculated as follows: compute 
the number of exposed corners on the most exposed 
middle pixel, corresponding to target pixel 29 or 30 (Fig. 

20 3A), in an input tile. The "exposure" of a pixel is the 
number of exposed corners it has. A pixel's corner is 
"exposed" if its three neighbors are all the opposite 
color or type. For example, assume in the arrangement 
of pixels below that the B pixels are black and the W pix- 

25 els are white. 



WWW w 
W B x B 0 W 
W W B2 W 



The Bq pixel above has one exposed corner (i.e., its 
upper right corner. The B, pixel has too exposed cor- 

35 ners. The exposed corners of the most exposed pixel is 
then stored as the Q value. This "exposure" is a number 
from zero to four. The higher this number, the more vul- 
nerable the pixel is to being eliminated during the sub- 
sequent smoothing steps. This exposure number can 

40 be used instead of the Q value specifically identified in 
Equation 1. In a special case, if the exposure of the 
most exposed pixel as computed above is one, and if 
either both the top and bottom sides of the pixel are 
exposed or both the left and right sides are exposed, 

45 then the exposure is increased to two. For example, in 
the pixel arrangement of: 

B t W W W 
so B, Bo W W 

W W B t B t 



the actual exposure of pixel Bq above is one, but 
55 because both the top and bottom of Bq are exposed, the 
exposure is increased to two, reflecting the fact that this 
pixel Bq is more vulnerable to being eliminated than its 
one exposed corner would suggest This technique is 
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heavily weighted toward the middle too pixels, whereas 
the Q value calculated by Equation 1 is an average vul- 
nerability over the entire input tile. This technique is 
therefore more conservative than the Q value technique 
of Equation 1 in that a target pixel 29. 30 is less Bkely to 
be smoothed excessively. 

Other suitable equations for a Q value may be used 
instead, where the Q value reflects the vulnerability of a 
pixel to being undesirably eliminated in the subsequent 
smoothing steps 6 and 7. 

In step 6. an initial smoothing of the 90° comers of 
white/Hack or black/white pixel transitions in the high 
resolution bit map 31 is performed by either chopping 
off a certain size triangular corner 34 (Ftg. 3C) of the 
90* convex angles or filling in the 90° concave angles 
with a certain size triangle 35. The size of these trian- 
gles corresponds to the previously determined Q value, 
where a higher value of Q corresponds to smaller trian- 
gles {i.e., less smoothing) being used in the chopping 
and filling step above. Such a chopping and filling step 
is illustrated in Fig. 3C. In Fig. 3C, the pixels deleted or 
added in step 6 are shown within dashed fines. 

The below Table ! illustrates one example of a cor- 
relation between a calculated Q value and the percent- 
age of the maximum triangle size to be chopped off or 
filled during step 6. 



Table I 


Q value 


Chop/nil % of Max 


0-.99 


100 


1 - 1.99 


100 


2-2.99 


75 


3-4 


35 



In the example of Figs. 3A-3C, there are four minor- 
ity pixels in input tile 28 having a total of four exposed 
faces, resulting in a Q value of one, assuming Equation 
1 is used. Given this fairly low value of Q, a large initial 
pre-smoothing using the triangular chops and fills is 
performed by, for example, chopping off a right triangle 
portion having twelve pixels on two of its equal sides 
from the convex corners and fBling in the concave cor- 
ner with a right triangle having twelve pixels on two of its 
equal sides. The maximum triangle size to be used in 
step 6 can be determined empirically and depends 
upon the original dpi of the pixel pattern and the degree 
of initial smoothing desired. 

In step 7. the resulting pre-smoothed high resolu- 
tion bit map 31 is subjected to a conventional digital 
convolution using a relatively small convolution template 
which acts as a low-pass filter. This fitter is designed to 
smooth small rough edges but still leave the larger fea- 
tures mostly unchanged By performing the pre-smooth- 
ing in step 6 of the large 90° angles, the digital fitter in 



step 7 can use a higher-pass convolution than the prior 
art f fliers so as to preserve any thin black lines and thin 
white gaps. Thus, in steps 6 and 7, smoothing is per- 
formed, yet details are not obliterated. The larger the Q 

5 value, the smaller the template used for digital filtering. 
Optimal template sizes may be determined empirically. 
Such templates may be circular if the facsimile machine 
is operating in the fine mode or oval (height = 2 x width) 
for the standard mode. 

w The resulting high resolution bit map 31 after 
smoothing by the conventional digital filter is illustrated 
by the outline of the black pixels in Fig. 3D. 

In step 8. the middle portion of the high resolution 
bit map 31 corresponding to the two target pixels 29, 30 

is in the input tile 28 (Fig. 3A) is segmented into as many 
pixel areas 38-43 (Fig. 3D) as are desired to replace the 
two original target pixels 29. 30. For example, if it were 
desired to print a higher resolution image by converting 
the two original target pixels 29. 30 into six printed pix- 

20 els, the area of the high resolution bit map 31 corre- 
sponding to the two target pixels 29. 30 would be 
divided up into six equal size pixel areas 38-43. Pixel 
areas 38-43 may overlap to some degree if desired. In 
one embodiment, the horizontal scaling for printing is 

25 1 .5 (corresponding to three output pixels in a row) and 
the vertical scaling is two (corresponding to two rows of 
output pixels). Such segmenting is shown in Fig. 3D. In 
another embodiment, the vertical scaling is three so that 
the dpi in both the horizontal and vertical directions are 

30 the same (e.g.. 300 dpi). 

In step 9, the number of black pixels within a single 
pixel area 38-43 is determined and. if this number is 
greater than a threshold number, the pixel to be printed 
corresponding to that area 38-43 will be a black pixel. If 

35 the number of black pixels is below the threshold, a 
white pixel will be printed for that pixel area. (This 
threshold number can also be set based on the number 
of white pixels in a pixel area.) The threshold number 
may be adjusted to take into account any ink Weed, or 

40 other marking agent bleed, when printing or otherwise 
displaying a pixel on a medium. By properly setting the 
threshold number, a faithful reproduction of the overall 
image brightness or darkness can be had. The thresh- 
old number may be set based upon empirical methods 

45 in view of the type of marking agent used, the recording 
medium used, and the printing method used. In the 
example of Ftg. 3D, the threshold number is set to one 
half the total number of pixels in a pixel area 38-43, and 
the resulting determination of a black or white pixel to be 

so printed for each pixel area 38-43 is shown by a B or W. 

In steps 10 and 1 1. the output tile 46 (Fig. 3D) con- 
sisting of one pixel per pixel area 38*43 is outputted 
from the processor 14 and stored in a second bit 
mapped memory 20 (Fig. 1) for subsequent display 

55 (e.g.. printing) on a medium. (The generated output tiles 
may instead be stored in look-up table 1 8 for later index- 
ing by a corresponding input tile.) Since the output tfle 
contains six pixels for every two target pixels 29. 30, the 
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bit mapped memory 20 is three times as large as the bit 
mapped memory 12. 

The above process is performed on all or a number 
of input tiles in the bit mapped memory 1 2 to generate a 
number of output tiles 46 stored in bit mapped memory 
20. The pixels in the output tiles 46 stored in bit mapped 
memory 20 are now sequentially addressed and printed 
(or otherwise displayed) in step 11 at a horizontal dpi of 
U and a vertical dpt of V, which are higher than the orig- 
inal horizontal dpi and vertical dpi of N and M, respec- 
tively. In the illustrative embodiment of Figs. 3A-3D, six 
pixels will be printed in the space of two pixels from the 
original pixel pattern stored in memory 12, although any 
other size output tile (e.g., a 3 x 3 array) may be gener- 
ated, stored, and displayed. Conventional addressing 
and printhead driver circuitry 22 (Fig. 1) is used to out- 
put the pixels from memory 20. Printhead driver 22 con- 
trols a conventional printhead 24 to print or otherwise 
display the corresponding pixels on a recording or dis- 
play medium. 

It wiO be understood that any number of pixels may 
be contained in an output tile, depending upon the 
desired resolution of the final printed pixel pattern. Fur- 
ther, any level of smoothing may be performed in steps 
6 and 7, and this optimum smoothing may be deter- 
mined empirically, depending upon what is believed by 
the user to be the most pleasing effect. 

In the above method shown in Fig. 2. an algorithm 
was performed on each input tile 28 to convert each 
input tile 28 into an output tile 46 using the algorithm 
contained in the program ROM 1 6. 

A much less computationally intensive process is 
described with respect to Rg. 4 and utilizes a look-up 
table 18 (Fig. 1). In this embodiment processor 14 con- 
sists of a hard-wired ASIC or a microprocessor. In this 
process, look-up table 18 contains the output tiles for 
every combination of twelve pixels in an input tile, for a 
total of 4096 output tiles. The output tiles are initially 
created for all possible input tiles using the procedure 
described above with respect to Rg. 2. The input tiles 
then act as an index to select a corresponding output 
tile from look-up table 18. and this indexed output tile is 
then outputted to bit mapped memory 20. 

In the process shown in Fig. 4, step 1 corresponds 
to step 1 in Rg. 2. In step 2, an output tile in look-up 
table 18 is addressed or indexed using the input tile as 
the address. For example, the input tile 28 in Rg. 3A 
would address the stored output tile 46 in Rg. 3D. In 
step 3, this output tile is transferred to bit mapped mem- 
ory 20. And, in step 4, the pixels in bit mapped memory 
20 are printed out at a horizontal dpi of U and a vertical 
dpi of V. which are higher than the original horizontal 
and vertical dpi of N and M. respectively. 

The output tiles stored in look-up table 18 are 
derived using the process illustrated in Rgs. 2 and 3A- 
3D for each input tile desired to be enhanced. 

The input tile exceptions, previously mentioned, 
include a stray dot exception and a tick or notch excep- 



tion. TTie stray dot exception is illustrated in Rg. 5. 
where the input tile 52 contains an isolated black or 
white pixel. Since there are no intentional characters 
being formed of a single pixel, it is presumed that this 

5 isolated pixel is a product of noise or a dirty original. 
Accordingly, once this type of input tile is detected, the 
isolated pixel is deleted, and a corrected output tile 54 is 
outputted by processor 14. The particular illustration of 
Fig. 5 shows the center two target pixels being con- t 

io verted into a 3 x 3 array of pixels, although other output 
tile array sizes can also be used. Such an output tile 54 
may be stored in the look-up table 18 or, if the input tile 
52 is processed using an algorithm as described in Rg. 
2, the output tile 54 would be generated pursuant to a 

is branch routine containing the exception algorithm. 

Rg. 6 illustrates another input tile 56 exception 
which is a tick (pixel 57) abutting a roll of pixels. Such a 
tick is usually caused when the thickness of a line in an 
original document is very close to a threshold quantiza- 

20 tion level and only once in a while exceeds that thresh- 
old level. Thus, the tick is not a result of noise or a dirty 
original, but provides information as to the original 
image. In this exception, a tick is scaled in the corre- 
sponding output tile 58 to a thin horizontal line, equal to 

25 one-third the thickness of a full line. This assumes the 
output tile consists of 3 x 3 array of pixels. Thus, the 
thickness of the printed line containing the tick would 
increase slightly when the complete image has been 
printed. 

30 Rg. 7 illustrates an input tile 60 containing a notch 
(pixel 61 ) in a line of pixels. This exception presumes 
that the notched line is slightly thinner than a full line 
and thus scales the notched line in the output tile 62 to 
a line equal to two-thirds the thickness of a full line. This 

35 assumes the output tile consists of a 3 x 3 array of pix- 
els. The corrections to ticks and notches may also apply 
to vertical lines as well. 

In the illustration of Figs. 5-7. the vertical scaling of 
the printed image is 3.0 and the horizontal scaling is 

40 1 .5. so that three rows and three columns of pixels are 
outputted for every two horizontally adjacent original tar- 
get pixels. 

ff an original facsimile image is determined to be a 
picture (or other non-text image) in step 2 of Rgs. 2 and 

45 4, then it may not be desirable to correct this image 
since it is not known whether any features or angles are 
intentional or a result of quantization error. Thus, H it is 
determined that an input tile is a portion of an image, no 
correction should be performed, and the target pixels in 

so the input tile should be scaled to provide an output tile at 
the increased horizontal and vertical dpi of U.V. as 
shown in Rg. 2. 

Rg. 8 is a flowchart of one method to determine 
whether the pixel data forms text or an image (e.g.. a 

55 picture). In the preferred embodiment the determina- 
tion that a received input tile in step 1 is part of an image 
is made if one or both of the following two conditions are 
met The first condition is if the number of exposed pixel 
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faces (i.e., black-white transitions) within an input tile is 
greater than a certain threshold. If so. it is apparent that 
the minority pixels in the input tile are scattered and are 
part of an image (e.g.. a halftone image). This is illus- 
trated in steps 2. 3. and -4. The second condition is it the 5 
longest black horizontal run is one pixel in all of the rows 
of the input tile, or the longest white horizontal run of 
pixels is one pixel in all of those rows (step 5). This sec- 
ond condition is consistent with the formation of very 
narrow lines or gaps which are used in pictures but not jo 
used in text. If the above conditions are met the 
smoothing steps 5-7 in Fig. 2 are skipped, and the 
image data is processed in accordance with the remain- 
der of the steps shown in Fig. 2. If a look-up table 1 8 for 
outputting enhanced output files is used, the image data 15 
may bypass the look-up table 1 8 and be scaled accord- 
ingly to match the dpi of the printer. 

If the above conditions are not met then the proc- 
ess of Figs. 2 or 4 for generating a modified output tile 
for that input tile would proceed (step 6 in Fig. 8). The 20 
processor 1 4 in Fig. 1 would contain the necessary cir- 
cuitry to determine whether the input tile pattern meets 
one or both of the above conditions. One form of suita- 
ble circuitry may be a comparator circuit which com- 
pares the input tile pattern to a number of stored 25 
patterns which meet the above two conditions. One 
skilled in the art could easily fabricate such a circuit or 
develop an algorithm for making such a determination. 

Typically, facsimile machines may be set to either a 
standard mode (98 x 203 dpi) or a fine mode (196x203 30 
dpi). In the standard mode, if it were desired to print at 
300 dpi in both the vertical and horizontal directions, 
vertical scaling must be 3.0 and horizontal scaling must 
be 1 .5. The resulting three-row output tiles, containing 
nine pixels each, would require 8192 bytes in look-up 35 
table 18. For vertical scaling of 2.0, two-row output tiles 
containing six bits each would be used and require 4096 
bytes in look-up table 18. In the fine mode at 300 dpi. 
vertical scaling is 1 .5, so only one or two-row output tiles 
are required, using only 4096 bytes in the look-up table 40 
18 for each set of output tiles. To achieve a vertical scal- 
ing of 1 .5. odd numbered rows of pixels may be scaled 
vertically by 1.0, and even rows of pixels may be scaled 
vertically by 2.0. The four scaling tables mentioned 
above only consume 20 Kbytes to accommodate both 45 
the standard mode and fine mode in conventional fac- 
simile machines. 

The circuitry of Fig. 1 and the algorithms described 
with respect to Figs. 2-4 may be implemented by one 
skilled in the art in view of this disclosure using only so 
conventional circuitry and programming techniques. 

The pixels generated using the above methods may 
be ultimately displayed on any medium, such as on 
paper or on a display screen. 

While particular embodiments of the present inven- ss 
tion have been shown and descrfoed, it will be obvious 
to those skilled in the art that changes and modifications 
may be made without departing from this invention in its 



broader aspects and. therefore, the appended claims 
are to encompass within their scope all such changes 
and moc5f cations as fall within the true spirit and scope 
of this invention. 

Claims 

1. A method for detecting whether a pixel pattern 
forms part of an image or forms part of text, said 
method comprising the steps of: 

receiving a block of pixels (28) from a pixel pat- 
tern, said block of pixels having rows and col- 
umns of pixels, each of said pixels being of 
either a first type or a second type, each of said 
pixels having four faces, and each of said pixels 
having faces opposing adjacent pixels; 
determining a number of exposed pixel faces, 
where an exposed pixel face is a pixel face 
opposing a pixel of a different type; and 
comparing said number of exposed pixel faces 
to a threshold number and, if said number 
exceeds said threshold number, determining 
that said block of pixels meets a first condition 
and may be part of an image. 

2. The method of Claim 1 further comprising the steps 
of: 

determining whether a longest horizontal run of 
pixels of a first type in all rows of said block of 
pixels (28) equals one, or whether a longest 
horizontal run of pixels of a second type in all 
rows of said block of pixels equals one. and, if 
either of these two conditions exist determin- 
ing that said block of pixels meets a second 
condition and may be part of an image. 

3. The method of Claim 2 wherein, if said block of pix- 
els (28) is determined to meet both said first condi- 
tion and said second condition, said block of pixels 
is then subsequently processed as image data 
rather than text data. 

4. The method of Claim 2 wherein, if said block of pix- 
els (28) is determined to meet either said first con- 
dition or said second condition, said block of pixels 
is then subsequently processed as image data 
rather than text data. 
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Process For Generating Output Tile 



Rece ive input tile at dpi=N,M 
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Form Hi gh Resolution Bit Map 
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Do not smooth 



Calculate Q: 

0_ exposed min. pixels in input tile 
minority pixels in input tile 



Use Q to perform initial smoothing 
of 90° comers in High Res. Bit Map 
(Higher Q -►less initial smoothing) 
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Convolve through low pass filter 



Segment central portion of High Res. 
Bit Map into X pixel areas, each area 
corresponding to an output pixel 
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Calculate number of black pixels (or white pixels) 
in each pixel area and compare to threshold 



Output one pixel per pixel area 



Store/print output pixels in output tile 
at dpi=U,V. where U :* N and ViM 
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Retrieving Output Tile 
From Look-Uo Table 



Receive input tile at dpi= N,M 
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Image / Text Determination 
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